Objectives: Hand, foot and mouth disease (HFMD) is a common infectious disease in children caused by intestinal virus and an important cause of child death. Early identification of critical HFMD and timely intervention are the key to reduce mortality. However, there is no available unified critical HFMD screening standard. This study aimed to explore the predictive evaluation of HFMD with critical illness scoring systems.
Introduction
Hand, foot and mouth disease (HFMD) is a common infectious disease in children caused by intestinal virus, mainly occurring in children aged below 5 years. It is usually a self-limiting disease with a 7-to-10-day disease course and a good prognosis [1] . However, some patients with critical HFMD are prone to central nervous system (CNS) damage, which are manifested as aseptic meningitis, acute flaccid paralysis, encephalomyelitis, etc. Involvement of the brainstem can lead to autonomic nervous system (ANS) dysfunction, pulmonary edema myocardial damage, and even death; survivors often experience significant neurological sequelae [2] .
In some critical HFMD cases, early identification difficulties and lack of timely and effective treatment are important causes of death. Therefore, early identification are the key to reduce the mortality. However, there is no available unified critical HFMD screening standard. According to the World Health Organization (WHO) guidelines, severe HFMD manifests itself in three distinct phases: CNS damage, ANS dysfunction, and later cardiopulmonary failure. Abnormal laboratory examinations, such as leukocytosis and thrombocytosis (>400×10 3 /ul), hyperglycemia, and abnormal imaging examination can indicate the diagnosis of severe HFMD [3] . According to the 2018 edition of HFMD guidelines of the National Health Commission of China (NHCC), the following indicators suggest that patients may develop severe HFMD: sustained high fever, neurological impairment, dyspnea, circulatory dysfunction, leukocytosis, hyperglycemia, and hyperlactatemia [4] . These indicators are partly based on the clinical experience and subjective judgment of doctors, and cannot be accurately quantified, hence affecting the clinical application.
In recent years, critical illness scoring systems based on quantitative classification have become an important clinical tool for the prediction and evaluation of the prognosis of critically ill patients and serve as a guide to clinical practice [5] . The commonly used severe disease scoring systems in children include pediatric logistic organ dysfunction score-2 (PELOD-2) [6] , pediatric critical illness score (PCIS) [7] , and pediatric multiple organ dysfunction score (P-MODS) [8] ; application of these scores can help assess the severity of the disease, more accurately assesses the risk of death, and facilitate timely intervention. Sequential organ failure assessment score (SOFA) and quick SOFA (qSOFA) are widely used in the diagnosis and treatment of critical diseases [9] .
However, both of them were developed for adults and hence are not suitable for children.
Schlapbach et al. [10] designed the age-adapted SOFA and qSOFA based on the PELOD-2, and confirmed that age-adapted SOFA was superior to PELOD-2 and systemic inflammatory response syndrome score in evaluating critically ill children. Therefore, this article aimed to further study the effect of these scoring systems on the prediction and evaluation of critical HFMD.
Methods

Study participants
From January 2012 to June 2018, 2,832 children with HFMD were admitted to Affiliated Taizhou Hospital of Wenzhou Medical University and Taizhou Enze Medical Center (Group) Enze Hospital. A total of 31 patients with mild HFMD, 30 with severe HFMD, and 25 with critical HFMD were randomly included, and their clinical data were recorded in detail. Cases of hospitalization or death that occurred less than 1 day after hospitalization were excluded. Based on the 2017 WHO guidelines for HFMD [3] and the 2018 Chinese guidelines for HFMD [4] , the included patients were divided into three groups: mild group, severe group, and critical group.
Mild group: patients presented with fever and erythra on hands, feet, mouth, or hips, without damage to the CNS or cardiopulmonary system. Severe group: based on the symptoms of mild cases, patients presented with CNS damage, without ANS dysfunction or cardiopulmonary failure.
Critical group: based on the symptoms of severe cases, patients presented with ANS dysfunction or cardiopulmonary failure.
Symptoms and signs
The general conditions, symptoms, and signs of the three groups were compared and analyzed, including the vital signs, fever days, hospitalization days, cough, hyperarousal, limb jitter, vomit, cold sweat, moist rales, convulsions, level of consciousness, and distribution of erythra.
Laboratory parameters
Thirty-seven clinical laboratory parameters were detected and analyzed, including blood tests performed using an AutoAnalyzer (Seemed-2100, Sysmex Corp., Japan), blood coagulation 
Age-adapted SOFA and qSOFA
Schlapbach et al. [10] revealed that the evaluation of circulatory system and renal function, which was previously conducted based on the SOFA scale, was recently performed using the PELOD-2 rating scale, which includes the assignment of mean arterial pressure (MAP) and SCr, as age-adapted SOFA. Meanwhile, the age-adapted qSOFA was designed according to the 2005 adjusted diagnostic criteria for pediatric sepsis, in which the age-specific respiratory rate and systolic pressure were used to determine the score.
H-SOFA
According to our previous studies, the increase of PLT level is associated with severe HFMD, which is also consistent with the opinion of WHO guidelines [3] . The values of coagulation system in the SOFA were considered due to the decline in PLT level, which was not conducive to the evaluation of HFMD. Therefore, the PLT levels (×10 3 /ul) were scored as follows: 150-299, 0 points; 100-149 or 300-399, 1 point; and 50-99 or 400-599, 2 points, 20-49 or 600-899), 3 points; and <20 or ≥900, 4 points. According to the above scoring principles, the special SOFA for HFMD (H-SOFA) was constituted.
The detailed assignment instructions of age-adapted SOFA, qSOFA, and H-SOFA described above can be found in the supplementary materials.
PELOD-2, PCIS, and P-MODS
The PELOD-2, PCIS, and P-MODS were specially designed for children. Detailed scoring instructions can be found in the supplementary materials. Six scoring systems were included in this study, and the HFMD cases of the three groups were scored and compared.
Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (IBM Inc., USA). The tables were created using Microsoft® Excel® 2016 (Microsoft Corp., USA). Continuous variables were presented as a mean ± standard deviation. One way analysis of variance was used for comparison between groups. For further pairwise comparison, LSD-t test was applied for parameters with equal variance, and Tamhane's T2 test was applied for parameters with different variance. The frequencies and percentages were given for qualitative variables. Significant differences were evaluated using chi-square test, and Fisher's exact test was used when the numbers were too small. Binary logistic regression analysis was used to identify the scoring systems that correlated with critical HFMD. The predicting values were tested with receiver operating characteristic (ROC) curves, and quantified by calculating the area under the curve (AUC) and the 95% confidence interval. A two-tailed P value of <0.05 was considered significant.
Results
No statistical differences were observed among three groups in terms of age, height, weight, sex ratio, and maximum body temperature (P>0.05), while vital signs such as heart rate, respiration, and MAP were significantly different (P<0.01). The etiology tests showed that EV-A71 infection rate was 0 in the mild group, 30.0% in the severe group and 64.0% in the critical group, with significant differences among the three groups (P<0.001) ( Table 1 ). The comparison of symptoms and signs among the three groups showed that the symptoms like cough and distribution of erythra had no significant differences, but other signs such as hyperarousal, limb jitter, vomit, cold sweat, moist rales, convulsions, and disturbance in consciousness were significantly different (P<0.01) ( Table 2) .
By comparing the laboratory parameters of the three groups, significant differences were found in the WBC, NEUT, PLT, GLU, PT and APTT (P<0.01). By contrast, other parameters, such as LYMP, MONO, EO, BASO, HB, HCT, IgG, IgA, IgM, CRP, PCT, ALT, AST, ALP, GGT, TB, DB, IB, ALB, PB, K, Na, Cl, Ca, SCr, Urea, UA, CK, CKMB, LDH, Fib, had no significant differences (P>0.5) ( Table 3) . Data of the scoring systems of the three groups were compared, and significant differences were found in age-adapted SOFA, qSOFA, and PELOD-2, PCIS, P-MODS, H-SOFA (P<0.001) ( Table 4 ).
The indicators with statistical differences among the three groups were further compared and analyzed between the severe and critical groups. Significant differences were found in the following parameters: EV-A71 infection, heart rate, respiration, cold sweat, moist rales, disturbance in consciousness, PLT, and GLU (P<0.05). By contrast, no significant difference was observed in other parameters, like MAP, hyperarousal, limb jitter, vomit, convulsion, WBC, NEUT, PT, and APTT (Table 5 ). In addition, there were significant differences (P<0.001) in data comparison of all scoring systems between severe group and critical group (Table 5) .
Further logistic regression analysis showed that age-adapted SOFA, qSOFA, PELOD-2, P-MODS, H-SOFA, and critical HFMD were positively correlated (odds ratio (OR): 3.213, 8.66, 2.64, 2.56, and 4.297, respectively; P<0.01), and PCIS was negatively correlated with critical HFMD (OR: 0.76; P<0.001) ( Table 6 ). ROC curve analysis showed that the AUC of age-adapted SOFA, qSOFA, and PELOD-2, P-MODS, H-SOFA were 0.938, 0.823, 0.848, 0.910, and 0.956 respectively, and that of PCIS was 0.865 (Table 7, Figure 1 ). Compared with other scoring systems, the redesigned H-SOFA had the highest AUC value, with a sensitivity of 88.0% and a specificity of 90.0%. age-adapted SOFA had the highest sensitivity of 96.0%, but its specificity was only 80.0%. By contrast, age-adapted qSOFA had the highest specificity of 93.33%, but its sensitivity was only 68.0% (Table 7, Figure 1 ).
Discussion
In this study, significant differences were observed among mild, severe, and critical patients with HFMD, mainly including heart rate, respiration, blood pressure, and symptoms or signs related to nervous system damage, such as hyperarousal, limb jitter, convulsion, and disturbance in consciousness. The severity of HFMD was not correlated with the symptoms like cough or distributions of erythra. This is also consistent with the definition of severe and critical HFMD proposed in the WHO guidelines [3, 4] . However, the laboratory parameters that were significantly different among the three groups were only WBC, NEUT, PLT, GLU, PT, and APTT levels.
Inflammatory indicators such as CRP and PCT, as well as liver or renal function-related indicators
were not correlated with the severity of HFMD. HFMD is caused by infection of intestinal virus; severe or critical cases were associated with neurological damage, as well as neurogenic pulmonary edema, brainstem encephalitis, cardiopulmonary failure, etc. [11] . So liver and kidneys are not directly target organs, and severe liver or kidney damage can be seen in patients with critical HFMD who developed multiple organ dysfunction.
Consistent with previous studies, most of the children with CNS damage were infected with EV-A71 [12] , and this study also showed that EV-A71 infection was the main cause of critical HFMD. Over the years, EV-A71 and coxsackievirus A group 16 (CV-A16) were reported as the most common cause of HFMD worldwide, as well as other intestinal viruses including coxsackievirus A group 6 (CV-A6), coxsackievirus A group 10 (CV-A10), echovirus 3, and echovirus 6 [13, 14] . Recent epidemiological studies have shown that EV-A71 and CV-A16 have been partially replaced by CV-A6 and CV-A10 as the main viruses related to HFMD; since 2010, there have been several outbreaks of HFMD caused by such viruses in Asia, Americas, and Europe [15, 16] . Furthermore, it has been reported that 3.6%-18.2% of severe and critical HFMD were associated with CV-A6 infection during the recent epidemic [17] .
Most children with severe HFMD with neurological damage had a good prognosis and high cure rates. However, most critical cases with cardiopulmonary failure had poor prognosis with high morbidity and disability; hence, timely identification of critical cases, especially those with ANS dysfunction, is the key to improve the therapeutic effect of HFMD and reduce mortality [3, 4] . Therefore, we screened out the indicators with significant differences among the three groups and then conducted further data comparative analysis between severe group and critical group.
Significant indicators between the two groups were EV-A71 positive, heart rate, respiration, cold sweat, moist rales, disturbance in consciousness, and PLT and GLU levels, which were consistent with those reported in previous literature. There was no significant difference in MAP, and the possible reason was the clinical application of vasoactive drugs, which concealed the actual blood pressure of the children with critical HFMD.
In this study, significant differences were found in each scoring system among the three groups.
Further logistic regression analysis showed a positive correlation between age-adapted SOFA, qSOFA, PELOD-2, P-MODS, H-SOFA, and critical HFMD, suggesting that the higher the score, the more severe the disease. PCIS was negatively correlated with critical HFMD, suggesting that the lower the score, the more severe the disease. Further ROC curve analysis showed that the AUC value of age-adapted SOFA was 0.938, which was higher than that of age-adapted qSOFA (0.823), PELOD-2 (0.848), P-MODS (0.910), and PCIS (0.865), indicating that age-adapted SOFA had good predictive efficacy for critical HFMD. However, the evaluation of the coagulation system using SOFA was mainly due to the decline in PLT. This study found that the increasing level of PLT was related to severe and critical HFMD. Theoretically, the re-set H-SOFA in our study was considered more suitable for HFMD evaluation. The actual research data also proved that the AUC value of H-SOFA was the highest (0.956), and compared with age-adapted SOFA, it greatly improves the specificity and the prediction efficiency on the premise of no significant loss of sensitivity. Besides, age-adapted SOFA and P-MODS also had good sensitivity and specificity. Age-adapted qSOFA had the highest specificity, but had the lowest sensitivity, resulting in lower predictive efficacy.
In the past decades, HFMD has become more prominent in the Asia-Pacific region [18] . From May 2008 to June 2014, 10,717,283 cases and 3,046 deaths were reported in China, with a fatality rate of 0.03%; among the survivors, the incidence increased from 376/100,000 in 2008 to 1396/100,000 in 2013 [3] . With hundreds of deaths each year, HFMD has become a serious global public health problem. The prevention and treatment of HFMD is still a long way off; the provision of health education helps prevent the transmission, and the promotion of EV-A71 vaccines is of great significance to reduce the severe rate and mortality of HFMD. Early detection, diagnosis, and clinical intervention are of vital importance for children with critical HFMD. The application of PELOD-2, PCIS, and P-MODS in clinical practice, as well as the use of age-adapted SOFA, qSOFA, and H-SOFA will contribute to the recognition of critical cases and enhance the therapeutic effect. However, all studies evaluating the scoring systems are based on population level. Therefore, it is necessary to take into account the huge differences between various individuals. In clinical practice, multiple scoring systems should be applied dynamically for comprehensive evaluation combined with symptoms, signs, and the therapeutic effects. In addition, Shang et al. [19] reported that the plasma expression levels of mononuclear chemokines-1, interleukin-4, interleukin-12, and interleukin-18 were significantly higher in patients with critical HFMD than the mild cases. However, the detection of these indicators has not been carried out in most grassroots medical institutions, which limits the clinical application.
Conclusions
Increased PLT is associated with the severity of HFMD. The redesigned H-SOFA has a good predictive and evaluation effect on critical HFMD, but its actual application in clinical practice still needs to be further verified by large-scale and multi-center clinical trials. 
